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DUAL SPIN VALVE SENSOR WITH 
SELF-PINNED LAYER AND SPECULAR REFLECTOR 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a dual spin valve sensor with a self-pinned layer 

and a specular reflector and, more particularly, to a read head that produces a double spin 
valve effect with a pinned layer structure and self-pinned layer wherein the pinned layer 
structure is pinned by a pinning layer and the self-pinned layer is pinned by sense current 
fields and interfaces a specular reflector layer for reflecting conduction electrons into the 

1 0 mean free path of conduction electrons. 

2. Description of the Related Art 

An exemplary high performance read head employs a spin valve sensor for 
sensing magnetic fields on a moving magnetic medium, such as a rotating magnetic disk 
or a linearly moving magnetic tape. The sensor includes a nonmagnetic electrically 

15 conductive first spacer layer sandwiched between a ferromagnetic pinned layer and a 

ferromagnetic free layer. An antiferromagnetic pinning layer interfaces the pinned layer 
for pinning the magnetic moment of the pinned layer 90° to an air bearing surface (ABS) 
which is an exposed surface of the sensor that faces the magnetic medium. First and 
second leads are connected to the spin valve sensor for conducting a sense current 

20 therethrough. The magnetic moment of the free layer is free to rotate in positive and 

negative directions from a quiescent or zero bias point position in response to positive 
and negative magnetic signal fields from a moving magnetic medium. The quiescent 
position is the position of the magnetic moment of the free layer when the sense current 
is conducted through the sensor without magnetic field signals from a rotating magnetic 

25 disk. The quiescent position of the magnetic moment of the free layer is preferably 

parallel to the ABS. If the quiescent position of the magnetic moment is not parallel to 
the ABS the positive and negative responses of the free layer will not be equal which 
results in read signal asymmetry. 
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The thickness of the spacer layer is chosen to be less than the mean free path of 
electrons conducted through the sensor. With this arrangement, a portion of the 
conduction electrons is scattered by the interfaces or boundaries of the spacer layer with 
the pinned and free layers. When the magnetic moments of the pinned and free layers 
are parallel with respect to one another scattering is minimal and when their magnetic 
moments are antiparallel scattering is maximized. An increase in scattering of 
conduction electrons increases the resistance of the spin valve sensor and a decrease in 
scattering of the conduction electrons decreases the resistance of the spin valve sensor. 
Changes in resistance of the spin valve sensor is a function of cos 6, where 0 is the angle 
between the magnetic moments of the pinned and free layers. This resistance, which 
changes when there are changes in scattering of conduction electrons, is referred to in the 
art as magnetoresistance (MR). Magnetoresistive coeffecient is dr/R where dr is the 
change in magnetoresistance of the spin valve sensor from minimum magnetoresistance 
(magnetic moments of free and pinned layers parallel) and R is the resistance of the spin 
valve sensor at minimum magnetoresistance. For this reason a spin valve sensor is 
sometimes referred to as a giant magnetoresistive (GMR) sensor. A spin valve sensor 
has a significantly higher magnetoresistive (MR) coefficient than an anisotropic 
magnetoresistive (AMR) sensor which does not employ a pinned layer. 

The spin valve sensor is located between first and second nonmagnetic 
nonconductive first and second read gap layers and the first and second read gap layers 
are located between ferromagnetic first and second shield layers. The distance between 
the first and second shield layers is referred to in the art as the read gap. The read gap 
determines the linear bit density of the read head. When a magnetic disk of a magnetic 
disk drive rotates adjacent the read sensor, the read sensor detects magnetic field signals 
from the magnetic disk only within the read gap, namely the distance between the first 
and second shield layers. There is a strong-felt need to decrease the read gap so that the 
sensor is capable of detecting an increased number of field signals along a track of the 
rotating magnetic disk. By decreasing the read gap the magnetic storage capability of 
the disk drive is increased. These kinds of efforts have improved the magnetic storage 
of computers from kilobytes to megabytes to gigabytes. 
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Another scheme for increasing the magnetic storage ofa disk drive in a computer 
is to providearead sensor that produces a dual spin valve effect. This is accomplished 
by providing a ferromagnetic free layer structure between nonmagnetic conductive first 

and second ferromagnetic pinned layer structures. The first pinned layer structure is 
exchange coupled to a first antiferromagnetic pinning layer which pins a magnetic 
moment of the first pinned layer structure in a first direction, typically perpendicular to 
the ABS, either toward or away from the ABS, and the second pinned layer structure is 
exchange coupled to a second antiferromagnetic pinning layer which pins the magnetic 
moment of the second pinned layer structure in the same direction as the moment of the 
first pinned layer structure. This scheme sets the magnetic moments of the first and 
second pinned layer structures in phase with respect to one another. The free layer 
structure has a magnetic moment which is typically parallel to the ABS, so that when 
magnetic field signals from a rotating magnetic disk are sensed by the read sensor the 
magnetic moments of the free layers rotate upwardly or downwardly, producing an 
increase or decrease in the aforementioned magnetoresistance, which is detected as 
playback signals. The importance of the dual spin valve sensor is that the spin valve 
effect is additive on each side of the free layer between the free layer structure and the 
first and second pinned layer structures. Unfortunately, the dual spin valve sensor is 
significantly thicker than a single pinned spin valve sensor because of the thicknesses of 
the first and second pinning layers. While the thicknesses of the various layers of a 
typical spin valve sensor range between 10 A - 70 A the thicknesses of the 
antiferromagnetic pinning layers vary in a range from 120 A - 425 A. Iridium manganese 
(IrMn) permits the thinnest antiferromagnetic pinning layer of about 120 A whereas an 
antiferromagnetic pinning layer composed of nickel oxide (NiO) is typically 425 A. 
There is a strong-felt need to provide a dual GMR or spin valve sensor which is thinner 
than prior art dual spin valve sensors so that a dual spin valve effect can be obtained 
without significantly increasing the read gap. 



I 
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SUMMARY OF THE INVENTION 

The present invention provides a novel dual spin valve sensor which is thinner 
than prior art dual spin valve sensors. The present dual spin valve sensor may be the 
same as the aforementioned dual spin valve sensor except one of the pinned layer 
structures is a self-pinned layer which is located between a specular reflector structure 
and one of the spacer layers. The magnetic moment of the self-pinned layer is not 
pinned by an antiferromagnetic pinning layer but, in contrast, the magnetic moment is 
pinned by sense current fields from other layers in the spin valve sensor when the sense 
current is conducted through the spin valve sensor. In order for this to occur the 
thickness of the self-pinned layer should be maintained below 15 A with a preferable 
thickness of 10 A. The reason for this is because the thicker the self-pinned layer the 
greater the sense current fields that are required to pin the magnetic moment of the self- 
pinned layer. Unfortunately, when the self-pinned layer is thin there is a scattering of 
conduction electrons at a boundary of the self-pinned layer, which reduces the number 
of conduction electrons in the mean free path which, in turn, reduces the 
xnagnetoresistive coefficient (dr/R). The ideal situation is for the scattering events of the 
conduction electrons in the mean free path to be in phase. When there is scattering at a 
boundary of the mean free path this is referred to in the art as inelastic scattering which 
causes the scattering events to be out of phase and to work against one another to reduce 
the magnetoresistive coefficient (dr/R). Accordingly, a thin self-pinned layer does not 
provide an adequate boundary for the mean free path to prevent boundary scattering of 

conduction electrons. 

I have found that by locating the self-pinned layer between a specular reflector 
structure and one of the spacer layers that the scattering of the conduction electrons at the 
boundary can be obviated. In a preferred embodiment, the specular reflector structure 
includes a first specular reflector layer composed of silver (Ag) and a second specular 
reflector layer composed of copper (Cu) with the second specular reflector layer being 
located between and interfacing the first specular reflector layer and the self-pinned 
layer. The specular reflector structure functions as a mirror in that conduction electrons 
are reflected by the specular reflector structure back into the mean free path of 
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conduction electrons. Silver (Ag) is a better specular reflector than copper (Cu). 
Accordingly, the first specular reflector layer of silver (Ag) reflects the majority of the 
conduction electrons while the second specular reflector layer (Cu) reflects a smaller 
portion of the conduction electrons. However, the second specular reflector layer of 
copper (Cu) is highly desirable because of its compatibility with materials employed for 
the self-pinned layer and particularly for promoting a uniform microstructure of me self- 
pinned layer which increases the magnetoresistive coefficient (dr/R). 

In a prefened embodtomt I have matatamed ta 
layer of copper (Cu) as thin as possible so as to reduce current shunting. Current 
shunting is a portion of the sense current which is conducted through layers other than 
the flee layer structure and the first and second spacer layers. Ourent shunting also 
reduces the magnetoresistive coefficient (dr/R). Accordingly, me second specular 
reflector layer of copper (Cu) is maintained with a thickness of about 10 A. In die 
preferred embodiment the thickness of the first specular reflector layer of silver (Ag) . 
20 A Accordingly, a total thickness of 30 A of the specular reflector structure ,s 
sigmficantly less than the thickness required for an antiferromagnetic pinmng layer, m 

difference between the thickness of an antiferromagnetic ptaning layer and 30 A. This 
can result in the present dual spin valve sensor having its thickness reduced by 90 A - 
395 A 

' An object of the present invention is to provide a dual spin valve read sensor 

which has a reduced thickness. 

Another object is to provide a dual spin valve read sensor which has only one 

antiferromagnetic pinning layer. 

A further object is to provide a dual spin valve sensor which has a specular 
reflector structure next to a self-pinned layer for reflecting conduction electrons into a 
me an free path of conduction electrons for increasing the magnetoresistive coeffi C1 ent 

(dr/R). . , 

Other objects and attendant advantages of the invention will be appreciated upon 

reading the following description taken together with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a plan view of an exemplary magnetic disk drive; 

Fig. 2 is an end view of a slider with a magnetic head of the disk drive as seen in 

plane 2-2; a 
Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks and 

magnetic heads are employed; 

Fig. 4 is an isometric illustration of an exemplary suspension system for 

supporting the slider and magnetic head; 

Fig 5 is an ABS view of the magnetic head taken along plane 5-5 of Fig. 2; 

Fig. 6 is a partial view of the slider and a piggyback magnetic head as seen in 
plane 6-6 of Fig. 2; 

Fig. 7 is a partial view of the slider and a merged magnetic head as seen in plane 
rj 7 of Fig 2* 

Fig. 8 is a partial ABS view of the slider taken along plane 8-8 of Fig. 6 to show 
the read and write elements of the piggyback magnetic head; 

Fig. 9 impartial ABS view of the slider taken along plane 9-9 of Fig. 7 to show 
the read and write elements of the merged magnetic head; 

Fig. lOisaview taken along plane 10-10 ofFigs. 6 or 7 with all material above 

the coil layer and leads removed; 

Fig. 1 1 is an isometric ABS illustration of a read head which employs a spin 

valve (SV) sensor; 

Fig. 1 2 is an ABS illustration of a first embodiment of the present dual spin valve 

sensor; 

Fig. 13 is Fig. 12 rotated 90° clockwise and 90° toward the viewer; 

Fig. 14 is an ABS illustration of a second embodiment of the present dual spin 

valve sensor; 

Fig. 15 is Fig. 14 rotated 90° clockwise and rotated 90° toward the viewer; 
Fig. 1 6 is an ABS illustration of a third embodiment of the dual spin valve sensor; 

and 

Fig. 17 is Fig. 16 rotated clockwise 90° and rotated 90° toward the viewer. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Magnetic Disk Drive 

Referring now to the drawings wherein like reference numerals designate like or 
similar parts throughout the several views, Figs. 1-3 illustrate a magnetic disk drive 30. 
The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34. The 
spindle 32 is rotated by a spindle motor 36 that is controlled by a motor controller 38. 
A combined read and write magnetic head 40 is mounted on a slider 42 that is supported 
by a suspension 44 and actuator arm 46 which is rotatably positioned by an actuator 47. 
A plurality of disks, sliders and suspensions may be employed in a large capacity direct 
access storage device (DASD) as shown in Fig. 3. The suspension 44 and actuator arm 
46 position the slider 42 so that the magnetic head 40 is in a transducing relationship 
with a surface of the magnetic disk 34. When the disk 34 is rotated by the motor 36 the 
slider is supported on a thin (typically, .05 pm) cushion of air (air bearing) between the 
surface of the disk 34 and the air bearing surface (ABS) 48. The magnetic head 40 may 
then be employed for writing information to multiple circular tracks on the surface of the 
disk 34, as well as for reading information therefrom. Processing circuitry 50 exchanges 
signals, representing such information, with the head 40, provides motor drive signals 
for rotating the magnetic disk 34, and provides control signals to the actuator 47 for 
moving the slider to various tracks on the disk, hi Fig. 4 the slider 42 is shown mounted 
to a suspension 44. The components described hereinabove may be mounted on a frame 

54 of a housing, as shown in Fig. 3. 

Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The slider has 
a center rail 56 that supports the magnetic head 40, and side rails 58 and 60. The rails 
56, 58 and 60 extend from a cross rail 62. With respect to rotation of the magnetic disk 
25 34, the cross rail 62 is at a leading edge 64 of the slider and the magnetic head 40 is at 

a trailing edge 66 of the slider. 



15 
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Fig. 6 is a side cross-sectional elevation view of a piggyback magnetic head 40, 
which includes a write head portion 70 and a read head portion 72, the read head portion 
employing a spin valve sensor 74 of the present invention. Fig. 8 is an ABS view of Fig. 
6. The spin valve sensor 74 is sandwiched between nonmagnetic electrically insulative 
first and second read gap layers 76 and 78, and the read gap layers are sandwiched 
between ferromagnetic first and second shield layers 80 and 82. In response to external 
magnetic fields, the resistance of the spin valve sensor 74 changes. A sense current I s 
conducted through the sensor causes these resistance changes to be manifested as 
potential changes. These potential changes are then processed as readback signals by the 
processing circuitry 50 shown in Fig. 3. 

The write head portion 70 of the magnetic head 40 includes a coil layer 84 
sandwiched between first and second insulation layers 86 and 88. A third insulation 
layer 90 may be employed for planarizing the head to eliminate ripples in the second 
insulation layer caused by the coil layer 84. The first, second and third insulation layers 
are referred to in the art as an "insulation stack". The coil layer 84 and the first, second 
and third insulation layers 86, 88 and 90 are sandwiched between first and second pole 
piece layers 92 and 94. The first and second pole piece layers 92 and 94 are magnetically 
coupled at a back gap 96 and have first and second pole tips 98 and 100 which are 
separated by a write gap layer 102 at the ABS. An insulation layer 103 is located 
between the second shield layer 82 and the first pole piece layer 92. Since the second 
shield layer 82 and the first pole piece layer 92 are separate layers this head is known as 
a piggyback head. As shown in Figs. 2 and 4, first and second solder connections 104 
and 106 connect leads from the spin valve sensor 74 to leads 112 and 114 on the 
suspension 44, and third and fourth solder connections 1 16 and 1 18 connect leads 120 
and 122 from the coil 84 (see Fig. 8) to leads 124 and 126 on the suspension. 

Figs. 7 and 9 are the same as Figs. 6 and 8 except the second shield layer 82 and 
the first pole piece layer 92 are a common layer. This type of head is known as a merged 
magnetic head. The insulation layer 103 of the piggyback head in Figs. 6 and 8 is 
omitted. 
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Fig. 1 1 is an isometric ABS illustration of the read head 72 shown in Figs. 6 or 
8. The read head 72 includes the present spin valve sensor 130. First and second hard 
bias and lead layers 134 and 136 are connected to first and second side edges 138 and 
140 of the spin valve sensor. This connection is known in the art as a contiguous 
junction. The first hard bias and lead layers 134 include a first hard bias layer 140 and 
a first lead layer 142 and the second hard bias and lead layers 136 include a second hard 
bias layer 144 and a second lead layer 146. The hard bias layers 140 and 144 cause 
magnetic fields to extend longitudinally through the spin valve sensor 1 30 for stabilizing 
magnetic domains therein. The spin valve sensor 130 and the first and second hard bias 
and lead layers 134 and 136 are located between nonmagnetic electrically insulative first 
and second read gap layers 148 and 150. The first and second read gap layers 148 and 
150 are, in turn, located between ferromagnetic first and second shield layers 152 and 
154. 

The Invention 

A first embodiment of the present dual spin valve sensor 200 is illustrated in Figs. 
12 and 13. The sensor 200 includes a ferromagnetic free layer structure 202 which is 
located between nonmagnetic conductive first and second spacer layers (S) 204 and 206. 
The designation of first and second layers throughout the description has no significance 
regarding their respective locations which means that the spacer layer 206 could be the 
first spacer layer and the spacer layer 204 could be the second spacer layer. The first and 
second spacer layers 204 and 206 are located between a pinned layer structure (P), which 
is preferably a single pinned layer 208, and a self-pinned layer (SP) 210 respectively. 
The pinned layer 208 is exchange coupled to an antiferromagnetic (AFM) pinning layer 
212 which pins a magnetic moment 214 of the pinned layer perpendicular to the ABS in 
a direction toward the ABS or away from the ABS, as shown in Fig. 12. A cap layer 216 
may be on the pinning layer 212 for protecting it from subsequent processing steps. 
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The self-pinned layer 210 has a magnetic moment 218 which is pinned parallel 
to the magnetic moment 214 by sense current fields from the conductive layers of the 
spin valve sensor. When the sense current I s is conducted through the spin valve sensor, 
the conductive layers above the self-pinned layer 210 exert sense current fields on the 
self-pinned layer 210 in a direction which is away from the ABS so that the magnetxc 
moment 218 is away from the ABS parallel to the magnetic moment 214. In order for 
this pinning action to be effective the thickness of the self-pinned layer 210 should be 
noinimal, such as 10 A. This is because the demagnetization fields from the self-pinned 
layer has to be less than the sense current fields acting thereon. The demagnetizafion 
field of the self-pinned layer is determined by the following formula: 



4nM c t 

s 



demag stripe height 

where M s is saturation magnetization of the self-pinned layer 210, t is the thickness of 
the self-pinned layer and stripe height* the distance between the ABS and the recessed 
opposite end of the self-pinned layer. For instance, if the self-pinned layer 210 is cobalt 
fron(CoFe),hasathic^^ 

field of the self-pinned layer is 32 Oe. Accordingly, the sense current fields actmg on 
the self-pinned layer 210 should exceed 32 Oe in order to pin the magnetic moment 218 
perpendicular to the ABS. Total sense current fields acting on the self-pinned layer 210 
are typically between 40 - 50 Oe excluding the AFM layer 212. If the pinning layer 212 
is composed of a conductive antiferromagnetic material, such as platinum manganese 
(PtMn), nickel manganese (NiMn), iron manganese (FeMn) or iridium manganese 
(IrMn) spinning layerwill also contribute a sense current field thatpins themagnettc 
moment 218. In a preferred embodiment the pinning layer 212 is a conductive material 
for enhancing pinning of the magnetic moment 218. 



f 
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Unfortunately, the self-pinned layer 210 is so thin that it does not provide an 
adequate barrier for conduction electrons within the mean free path of conduction 
electrons between the free layer structure 202 and the self-pinned layer 210. When 
conduction electrons are scattered at the boundary of the self-pinned layer 210 they are 
lost from scattering events of the conduction electrons in the mean free path of 
conduction electrons between the self-pinned layer 2 1 0 and the free layer structure 202. 
Consequently, the magnetoresistive coefficient (dr/R) of the dual spin valve sensor 200 
is reduced. 

In order to overcome the loss of eondoetion electrons from phased scattermg 
events of conduction electrons in the mesn free path of conduction ekOrons I have 
provided a specular reflector structure 222. In a preferred emhodiment the specular 
reflector structure 222 includes a first specular reflector layer 226 composed of copper 
(Cu) and a second specular layer 228 composed of silver (Ag) or gold (Au), the 
enmpositionpreferably being si.ver(Ag).TT.efirslspecular reflector layer 226 is located 
between and interfaces the self-pinned layer 210 and the second specular refleotor layer 
228 Silver (Ag) or gold (Au) has greater specular reflection than copper (Cu), however, 
Mw er(Cu)hascompanbintyatUgh^^^ 

for the self-pinned layer 210, such as cobalt iron (CoFe) or cobalt (Co). Since the first 
specular reflector layer 226 of copper (O.) has a .ower specular reflection, to thickness 
is preferably .rnntaal, such as 1 0 A, wMle ft^ ^ 

reflector layer 228 of silver (Ag) or gold (Au) haa an increased thickness, which ts 
preferably 20 A. 

With the above scheme the self-pinned layer 210 performs in the same manner 
as the pinned layer 208. Accordingly, the spin valve sensor 200 has a high spin valve 

25 effect on both sides of the free layer structure 202 which are combined for significantly 

increasing the magnetoresistive coefficient (dr/R) of the sensor. This has been 
accomplished by eliminating the requirement of an antiferromagnetic pinning layer 
exchange coupled to the self-pinned layer 210 for pinning its magnetic moment 220. By 
eliminating this antiferromagnetic pinning layer the overall thickness of the dual spin 

30 valve sensor 200 has been reduced by the thickness of the eliminated antiferromagnetic 
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pinning layer less the thicknesses of the first and second specular reflecting layers 226 
and 228. Accordingly, a read head employing the spin valve sensor 200 will have a 
significantly reduced read gap as compared to a read head employing a prior art dual spin 
valve sensor which has two antiferromagnetic pinning layers. 

The free layer structure 202 may include a free layer (F) 230 which is located 
between first and second nanolayers (N) 232 and 234. The free layer 230 may be 30 A 
of nickel iron (NiFe) and each of the nanolayers 232 and 234 may be 10 A of cobalt iron 
(CoFe) or cobalt (Co). It has been found that the nanolayers 232 and 234 increase the 
magnetoresistive coefficient (dr/R) when placed between the free layer 230 and the first 
and second spacer layers 204 and 206. A tantalum seed layer (SL) 232 20 A thick may 
be located between a first gap layer (Gl) 234 and the first specular reflector layer 228 for 
promoting an improved microstructure of the first specular reflector layer 228. 

Exemplary thicknesses and materials for the other layers are the 
antiferromagnetic pinning layer 212 being 200 A of platinum manganese (PtMn), the 
pinned layer 208 being 20 A of cobalt iron (CoFe) or cobalt (Co), each of the first and 
second spacer layers 204 and 206 being 20 A of copper (Cu) and the cap layer 224 being 

50 A of tantalum (Ta). 

Fig. 13 illustrates the sense current fields from all conductive layers acting on the 
self-pinned layer 210 other than the antiferromagnetic pinning layer 212. It is important 
that the sense current I s be conducted through the spin valve sensor 200 so that the sense 
current fields orient the magnetic moment 218 of the self-pinned layer in a direction that 
is parallel to the magnetic moment 214 of the pinned layer. When these magnetic 
moments are parallel they are referred to as being in phase. The magnetic moment 236 
of the free layer structure is parallel to the ABS and may be directed to the left or to the 
right, as shown in Fig. 16. Accordingly, when signal fields are detected by the spin valve 
sensor 200 the magnetic moment 236 of the free layer structure rotates upwardly or 
downwardly decreasing or increasing the magnetoresistance respectively of the sensor, 
which resistance changes are detected in the sense current circuit as potential changes 
which are detected as playback signals. The spin valve sensor 200 shown in Fig. 12 and 
13 is referred to in the art as a top spin valve sensor since the antiferromagnetic pinning 
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layer212 is located at the top ofthe sensor closer to the second gap layer (150 in Fig. 11) 

y . fl48 ^ F ig 11). Another embodiment of the present 

than the first gap layer 238 (148 in rig. n;. 
inventionisabottomspinvalvesensorwhichisde^ibedhetemafter. 

fa .he embodiment shown in Fig. 12 the magnetic spins of the —magnetic 
layer 2,2 are set with an outside magnetic fie.d in the presence of heat «o direct the 
magnetic moment 2.4 away from tire ABS so as to set the magnetic spurs of the 
JLomagnetic pinning layer 2.2 in the same dtiection. 
.emperature of tire antiferromagnetic pinning .oyer 2.2 shou,d be hrgfcr 
operating temperature of tire spin va.ve sensor so ma, tire sense ouren. fie.ds acting on 

the Dinned layer 208 will not reorient the magnetic moment 214. 

' Aselndembodimentofmepresentdr.lspinvalvesensorSOOisil.nsti.edm 

Figs ,4andl5. The dua. spin valve sensor 300 is tire same as tire spin valve sensor 200 

b een snbstitirted for the pinned .ayer 208, the second specnlar reflector .ayer 228 m y 
optionally be go.d (Au), tire seed .ayer 232 may optional* be nickel -*-~«* 

of an afloy of oopper (Cu) and X where X is a high resistance materia, such as «W 

antiparafle. coupling .ayer 304 which is located between first ard second ^magnetic 
antiparafle. layers (API) and (AP2) 306 and 308. Tire firs, arrtiparallel ,ayer 306 . 
exchange coupled to tire antiferromagnetie pinning layer 212 which pins tire magnetic 
moment 310 of tire first antiparallel pinned layer 306 peq.endicu.ar to the ABS in a 
direction away from or toward tire ABS, as shown in Fig. 14. By strong antiparallel 
eoupling between tire firs, and second antiparallel pinned layers 306 and 308 tire 
magnetic moment 312 of tire second AP pinned layer is pinned antiparallel to tire 
magnetic moment 310. Accordingly, tire magnetic moments 218 arrd 3.2 are in phase 
for enabling spin valve effects that are additive on each side of tire tree layer structure 



202. 
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The AP pinned layer structure 302 is preferred over the single pinned layer 208 
i« Fig 12 Sinee the magnetic spins of the antifenomagnetic pinning layer 212 are 
oriented by the magnetic moment 3 10 of the first AP pinned layer the sense current fields 
from the conductive .ayers acting on the first AP pinned layer 306 urge the magneric 
moment 312 away from ABS instead of toward the ABS, as shown at 214 > Ftg. 12. It 
should be noted mat the firs, AP pinned layer 306 is 24 A of cobalt iron (CoFe) while 
the second AP pinned layer 308 is 20 A of cobah iron (CoFe). The thicker first AP 
ptaned layer 306 permits the first AP pinned layer to be the confro.ling layer withm the 
AP pinned layer structure 302 when orientation of the magnetic spins of the pinning layer 
is set. The anupamllel coupling layer 304 between the first and second AP pinned layers 
306 and 308 is typically 8 A of ruthenium (Ru). 

Fig 15 illustrates the sense current fields acting on the self-pinned layer 210 
whenthescnsecurren.Isisdfrcctedintomepage.asshowninFig. 15. The direction of 
the sense current is important for ensuring that the magnetic moment 218 of the self- 
pinned layer is parallel to the magnetic moment 312 of the second AP pinned layer 308. 
According.,, when the magnetic moment 236 of the free .ayer is rotated upward* or 
downward* in response to signal fie.ds from a rotating magnetic dtsk the 
^gneteresis^eewiUdecreaaeor increase respectively for changing me potentta. ma 
sense current circuit so that these potentials can be detected as playback signals. It 
should alsobenotedthatthe sens. currently be employed for resetting me magneric 
spins of the pinning layer 212 which is not true for the embodiment tn Ftg. 12. 

Athfrdcmbcdimentofmepre S ent S pinvalve S en S or400iashowninFigs. 16and 

17 This spin valve sensor is the same as the spin valve sensor 200 shown in Fig. 12 
except all of the layers of the spin valve sensor have been reversed or turned ups.de down 
except for the seed layer 232 and the cap layer 216. This type of spin valve serrsor ,s 
referred to in the art as a bottom spin valve sensor since the antiferromagnetrc pmnmg 
layer 212 is now located at the bottom instead of at the top. It should be noted that the 
sense current I s now causes the magnetic moment 218 of the self-pinned layer to be 
toward the ABS instead of away from the ABS. Accordingly, the magnetic moment 214 
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of the pinned layer 208 should be pinned perpendicular to and toward the ABS by the 
antiferromagnetic pinning layer 212 so that the magnetic moments 214 and 218 are 
parallel with respect to one another. With the magnetic moment 236 of the free layer 
structure parallel to the ABS, as shown in Fig, 16 and 17, a rotation upwardly or 
downwardly of the magnetic moment 236 in response to a signal field from a rotating 
magnetic disk will increase or decrease the magnetoresistance of the spin valve sensor 
400 which causes changes in the resistance in the sense current circuit producmg 
potential changes which can be detected as readback signals. 

It should be understood that the ferromagnetic layers described hereinabove may 

beconstructedofva^ 

(CoFe) or cobalt (Co). The thicknesses of the layers are exemplary and may be varied 

improved read gap. In this regard the free layer structure 202 is preferably 30 A as 
showninFig. 12. The pinning layers may be constructed of various antiferromagnetic 
materials. Nonmagnetic nonconductive antiferromagnetic materials are nickel oxide 
(NiO) and alpha iron oxide (« FeA) and antiferromagnetic conductive matenals are 
platinum manganese (PtMn), nickel manganese (NiMn), iron manganese (FeMn) and 
iridium manganese (IrMn). Conductive antiferromagnetic materials may be employed 
for enhancing pinning of the self-pinned layer 210. A preferred conducts 
antiferromagnetic material is iridium manganese (IrMn) which will pin me pinned layer 
when its thickness is only 120 A. The spin valve sensors described hereinabove are 
employed in the read head shown in Fig. 1 1 which may be further employed in the 

magnetic disk drive shown in Fig. 3. 

Clearly, other embodiments and modifications of this invention will occur readily 
to those of ordinary skill in the art in view of these teachings. Therefore, this invention 
is to be limited only by following claims, which include all such embodiments and 
modifications when viewed in conjunction with the above specification and 
accompanying drawings. 

I CLAIM: 



